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THE NACA WING-FL6)W -OD 

By H a r o l d  I. Johnson and B. Porter Brown 

This.investigation ie the second of a series coacerned w i t h  the de te r  
" t i o n  of the Fundamental characteristics of trailttng-edge  controls at 
transonic speds.  A typical sweptback a i r f o i l  model of- lug aspect 
r a t i o  (A = 3.04) and zero taper which represents efther a wing o r  a t a i l  
surfam is being f i t t ed  with various h ~ o r d .  fulJ"span  flaps differing only 4 
in tgpe of aerdynaMic ba3ence. The first ser ies  of tests were rvzl w i t h  a 
plain  flap, that is, a flap  representing the caae of zero aerodymm~c balance. 
Results from tho- t ee t s  have been reported  previously. The present t es ts  
were made with a f lap that incorporated a relatively large horn balance. 
Some of  the important results fram these t e s t s  me summarized below. 

The l i f t  characteristics of the  horn-balanced-flap model were similar 
t0 those of  the plain-flap model; however, the lift-curve slope W a s 5  on m. 
average, 12 percent less throu&out the Mach nmbr range tested (M = 0.55 
t o  1.15) and the flap  effectiveness was somewhat lower at ~ ~ b s o n i c  speeds. 
The horn balance e-ted approxbnately three-qwrters of the unbalanced 
hinge mmnt due to  deflection below a Mach rider of 0 thie epeed 
range the horn-balanced f lap had a strong positive  floating tendency. 
The horn balence did not, however, show promise 88 an effectfve a e r o m c  
balance at supersonic speeds because at  M = 1.05, the hinge mQI11(4nts dus 
t o  deflection were  0- 13 percent less t h a n  those meamred on a6 equivalent 
unbalanced f lap 

A typical Bweptback airfoil-flap conibination which represents  either 
a wing o r  tail surface is being tested  with various chord full-span 
f l a p  differing only i n  ty-pe of aerodynamic balasce a Although the U f  t 
end pitching nmments of the model with f lap f e e d  are  being measured aI.so5 
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the pr- objectives of this investigation are t o  study flap effective- 
ness EUXI methods of balmcing  control surfaces at transonic speeds. The 
characteristics of a plain flap have been determined and were reported in 
reference 1. The present investigation, the second of a series, coverB teats  
of a fl8p having a harn balance that was designed t o  give  a  high degree of 
aemdynamic balance a t  l o w  speeds. 

." 

II 

The tetits consisted of measurements of the U f t ,  pitching mamsnts, and 
hinge momenp acting on a. semispan airfoil-flap model having a sweepback 
angle of 35 I an aspect r a t io  of 3.04, a t a p r   r a t i o  of 1.0, an RACA 65009 
m o i l  section in plane8 perpendiculm t o  the leading edge, and a fUl- 

Span, r chord  horn-baLaziced flap with unwaled gap. Forces 4 moments 
were measured over an angle-of-attack range from -5' to  15O for  f lap 
Setting6 of 00 ~ m d  5O and for a f lap  defuct ion rapge fKun about -25O 
t o  20° for angle-of-attack settings o f O O  and 5'- Data w e r e  obtafned f o r  
Mach numbers from 0.55 t o  1.15 and for Reynolds nunibers from about 500,000 
to 1,400,000 InEbamuch as the teete were  run r l t h in  two widely separated 
altitude ranges, it w a s  possible t o  ascertain some effects of Reynold6 
rider even though the  highest Reynolds number encountered w a s  s t i l l  
relatively verg. wnall in  corqarison with anticipated  full-scale Reynolds 
nunibere. 

1 

M 

MA 

R 

SA 

CL 

cm 

average Mach number over model 

airplane free-stream Mach number 

Reynolds number 

airplane  free-stream dpmmic pressure 

average &pandc pressure over model 

airplane lift coefficient 

model l i f t  coefficient ("""isuf7 
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% vmiation of madel l i f t  coefficient  with angle of  attack, 

per degree @ 
% variation of nodel U f t  coefficient w i t h  flap deflection, 

per degree (2) 
c% variation of mdel pitching-mmnt  coefficient with angle of 

attack, per degree - (3 
Cms variation of mcd.01 pitching-mment coefficfent with f l ap  

deflection,  per degree ra 
a. c. aerodynamic center 

0 .p. center of preeeure of load. c a u s a  by flap  deflection 

cha variation of flap hinge-moment coefficient w i t h  model angle of 

attack, per degree - (3 
%s variation of flag hinge-rmnent coefficient wlth flap deflectiaa, = 

aa 
as 
- flap relative effectiveness @g 
pt angle of attack; angle between mdel chord  plane and direction 

of relative and 

sf or 6 f lap deflection; angle between flap chord 1Sne and &rfoi l  
chord line meaeured in plane perpendicular t o  hinge line 

\ 
x taper  ratio 
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C model chord parallel to wind direction 

6 model mean aemayaamic chord (M, A. C. ) 

s t o t a l  area of model (corresponds t o  one-half the area of a 

bf flap apan along hinge Une ( c o r n s p a d s   t o  one-half the epan 

conrgle te w h g  ) 

of  a f u - s p a n  f b p  an a complete wing) 

Ef f lap  root-mean-square chord perpendiculaz t o  the hinge Line 

C f  flap chord parallel t o  wind direction 

Sf f lap ares rear of hrzlge line 

EH horn root-man-square-chord  perpendicular t o  Mnge l ine  

SH horn mea forward of hinge line 

B horn balmce  coefficient 

In  general. the recording equipment W&EI the same as that described i n  
reference 1. The model w a e  mounted on the upper Burface of t he  right'wing 
of an F-XD airplane as ahown in figure 1. Some typical  variations of 
local  velocity near the wing Burface in a fore  and aSt  directian through 
-@e model location are ahown , i n  figure 2. The diminution of veloci%y 
with increasing vert ica l  distance from the F-53D wing surface is shown 
in figure 3.  Model force and moment coefficients were cakulated By 
using an average dynamic pressure  corr'eapondhg to -t;he average Mach ruuDber 
over the model area, taldng into account  both the chordwise and spanwise 

,vaxiations of local  Mach number over the model. As indicated by figure 3, 
no allarance wai made f o r  t h e  wing boundary layer in calculating t h e  
average Mach number over the model; however, measurmenta an other 
F-51 a i rp lane8 indicate that the t o t a l  thickness of  the born- layer at 

. 
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the mdel test   locatian i s  only about F inch  so that the effect of the 
boundary layer on the velocity  distribution over the mdel i e  believed t o  
have been negligLble. The effects of model f1exi;bility were mall and 
therefore  cmsidered negligible. These effects are discueaed more  
thoroughly tn reference 1. 

1 

A d r a w  of the  horn-balanced model, including a l is t  of pertinent 
@imensions i s  given tct figure 4. The model was sou& dural + a ~n 
circular end-plane w a e  attached at the root, of diameter equal t o  the 
model chord. The gap a t  the flap le- edge which mounted t o  about 

& e r c e n t   a i r f o i l  chord was not  sealed. The inboard edge of the horn 
2 
had relatively 8.h- corners (chamfer approx. 0.01 in. 1 which  were 
presented obliquely t o  the air stream in m y  flap-deflected  condition. 

The lift, pitchfng &ament and hinge mament acting on the mdel were 
masui-ed by a st--gage balance and recorded  continnously by a  recording 
galvanometer. Since the tests of referance 1, a variable  angle-of-attack 
mechanism waa added to the balance 80 that f l i g h t 6  could be made wfth the 
entire model oscillatfng thro- an angle-of-attack range w i t h  fixed f l ap  
deflection as w e l l  as with the f lap oscillating through a deflection range 
with a fixed angle-of-attack sett ing of the model. The position of the 
model with  respect t o  the longitudinal a S f . 8  of the F-5ID airplane and the 
position of the flap w i t h  respect t o  t h e  chord line of the model  were 
memured by slide-wire  potentiometers and recorded continuouely by the 
same galvanometer that recoriled the forces asd maments acting on the model. 
All the foregping recorde -re synchronized by a " second  timar. -1 

100 

The angle of f l o w  at the model tes t   s ta t ion wa8 msaEnzred bg a calibrated 
freely f loa t ing  vane located 22- inches outboazd from the mdel test  

station. (See f ig .  1.) 

1 
2 

Stasdazd NACA recordhg instruments were me& t o  masure the airspeed, 
alt i tude,  mrmaL acceleration, md lateral   acceleration of the airgrplene an& 
the free-air temperature. Them quantities were smchronized  with  the 
model  record^^ by a $-secod timer carm~)z1 t o  the Instruments. 

The data  presented  herein were obtained lazgely from four  flights I n  
two of these  flights  the  flap was fixed at def lectione of Oo and 5' mcces- 
sively and the entire model w a s  oscillated through 811 angle-of-attack range 
of -5O t o  13O . In the other two fUght8 the Eingle of attack was fixed 
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at 0' 50 successive~y t h e  n a p  waa o s c ~ l h t e d  thm~gh a deflection 
range of  appro-tely -250 to  20~. ~n cams the rate of oecfuation 
was slightly greater than one cycle per secandj t h i s  rate- of oscillation 
was found t o  be very satiefactorg  became it e a r e d  the acquisition of 
data throughout the entire angular 1.ange8 a t  approximately conetant Maoh 
nuniber without  introducing arq difficulty  ascribable t o  aerodynamic lag. 

ACCURACY 

The accuracy of the major va.r&ables In this investigation W&B estimated 
to be w i t h l n  the following 1Wts : 

Machnmiber . . . . . . . . . . . . . . . . . . . . . . . . . . .  fo.01 
Angle of attack, degree . . . . . . . . . . . . . . . . . . . . .  30.3 
Flapm&e,degree . . . . . . . . . . . . . . . . . . . . . . .  f o . 3  

Pitching-mmmnt coefficiant . . . . . . . . . . . . . . . . . . .  i0.015 
Hinge-mmnt coefficient . . . . . . . . . . . . . . . . . . . .  20.003 

I 

L i f t  coefficient . . . . . . . . . . . . . . . . . . . . . . . .  s . 0 3  

Accuracies of the last three V8,riableS Usted above a m  given fo r  
the lOWe& test speed; R t  the higbest k8t epeed, thee€! aCCUraCieS should 
be apprcrxlmately four tlmes be.tter A large part of the lose in accuracy 
was attributable to ahifts in  inatrwvsnt zeros that occurred gradually 
during a fli&t. Eence the errors i n  the data appear for the most part 
&8 errora h angles of zero lift, angles of zem pitching  mmnt , 8nd 
angles of zem hinge mmnent. Because the data a t  any given Mach nmiber 
were obtained within a very short period of tw ( lesa  than one sec) the 
Elope€! of the various force and mmnt  coefficlent  curves should be 
accurate t o  a degree appro%hing the fnetrument capakilitlee, which, i n  
t he  present case, add up t o  about 2 percent a t  intermediate test speeds. 
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A l l  force and mmnt  coeff ic ients  are presented in  accordance with 
standard NACA conventions regarding definftions an& s i ss .  Pitching 
mments were  msaeured about an a x l a  located 18.7 percent mean aeroQnamic 
chord forward of the leading edge of the mean aerodpmnic chord. 

The basic  data are all presented without s h m g  test pfn t s .  This 
procedure has been adopted in  the intereate of clari ty.  D a t a  obtained from 
t h e  balance &owed 8- hysteresis which waa traced to unequal &aping of 
the different electr ical   c i rcui ts  connected with the strain gages and 
potentiomstere. There appear to be two w a y s  to circumrren? the  difficult ies 
caused by lag due t o  meqw d q i n g  : one way is t o  elimin8te the lag 
completely by trfal-md-error adjuetment of the dmiging of the electrical. 
circuits;  the other way i s  to  obtain data for both increasing and decreasing 
angle of attack ( o r  flap  deflection) and. use t h e m  two se t s  of data to 
establish a single curve that represents  static  conditions. The l a t t e r  
course was followed in obtaining the basic  data Shown in this  investigation. 
Either method, of  course, ahould lead to the sane result providing the lag 
is not large. % the present t e s t s  the lag w a 8  relatively Bmau and it is 
believed that  any errors  incurred from this lag are negligible. 
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D I S C U S S I O N  O F  R E S U L T S  

a 
BASIC DATA 

Lift Characteristics 

L i f t  due to  m e  of attack.- The variations of lift coefficient 
with 'angle of attack are &own f o r  a f lap angle of Oo in figure. 6 and 
f o r  a f lap angle of  50 in  figure 7 .  Curves are given, in  general, for 
Mach nlmiber increments of 0 -05 throughout the Mach number range tested. 
Data f r o m  the high-dfve m s  are given in part   (a) of the figures, and 
for t h e  -level-flight runs In part (b) of the figures. 

The lift-curve  slope w a 8  practically independent of Mach nuniber 
(figs. 6 and 7)  A slight increase  in  lift-curve slope with  increasing 
Mach nwiber occurred at subsonic  speeds i n  accordance with theory. A t  
many of the Mach nunibera for  which data are presented,  the  lfft-curve 
slope  increased  very  slightly  with  increasing angle of attack. This 
phenomena is a characteristic of meptback a i r f o i l s  of low aspect  ratio 
and has been found previously in  low-speed wind-tunnel tests; Although 
it appears that maximm l i f t  w a s  never reached Fn the present  tests, a 
preliminmy s t u  i s  shown t o  occur a t  angles of  attack as low as  Do f o r  
Mach numbers between 0 -85 and 1.05. A comparison between figures 6 and 7 
&owe that there was very l i t t l e  effect of a 5' flap  deflection on the 
over-all trends of the l i f t  due t o  angle of attack. The preliminary stall 
in generd occurred a t  a higher angle of attack with 5O flap  deflection 
than w i t h  0' f l a p  deflection. Such a trend is opposite t o  that generally 
found a t  low speeds on conventional airfoil-flap cambinations. 

Teats of the plain  flap  (reference 1) did  not  reveal the existence 
of a preUmlnary s t a l l   i n  the l i f t  curvee; however, in that case  the 
mgle-of-attack  data were of inmrfficient scope t o  define  the phenomena 
even if it had bean present. 

The data of figures 8 and 9 indicate  that  the  flap was always effective 
in  producing l l f t   a t  any speed o r  deflection  tested. From figure 9. it i s  
men that  with positive angle of attack the f lap Buffered a loss  in effec- 
tiveness at Ennall negative angles whfch waa counterbalanced by an incream 
i n  effectiveness at large negative angles'. This effect was I W E ~  pronounced 
at a Mach number of 0.95. A close  inspection of figures 8 and 9 ehows that 
the flap  effectiveness msasured at zero flap angle changed noticeably  with 
Mach nlmiber, Reynolds nuniber, md angle of ahtack. These c h b s  are 
given in  quantitative form i n  a subsequent section of this investigation. 

Pitching-Moment ChWa~teri8tiCs 

PitchinR mment due t o  a n a e  of *attack.- The variation8 'of pitching- 
moment coefficient with angle of attack are presented in figure 10 

7 
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for  Oo f lap angle and in figure U. f o r  5O f lap angle. In general,  the 
pitching-mament curves w e r e  m t h  and showed no unusual variatLons. 
Became the  pitching nmmente were msaeured about a n  axis  appmxiraately 
49 percent man aerodynamic chord ahead. of the  umal aerodynamic-center 
position, mall changes in aerodpmic-canter  position  did not came 
appreciable changes in the shape  of the pitchingmamsnt  curves* 

PitchinR moment due to flap deflection.- The pitching-moment cgeffi- 
cients  resulting fram flap  deflection m e  ah09 for  appmxhately 0 angle 
of attack in figure 12 and f o r  approx3matel.y 5 azigle of at tack  in  
figure 13 AB in the caee of  the pitching moment and l i f t  variations  with 
angle of attack, the pitch- mmsnt against flap-deflection c m e 8  were 
similar to the lift against flap-deflection curve and showed no unueua3 
variations. Here,  also, as noted  previously, changes in the  location of 
the center of presaure due to  f lap  deflection caused on ly  mall. change6 i n  
the pitching-nmment curves becauae of the far fomazd  posltion of the axLs 
about which pitching m n t e  w e r e  meaeured. Close comparison of figures 8 
and 9 w i t h  figures 12 and 13 ahows that  the pitchfng-moment coefficient due 
to flap  deflection dropped off f m t e r  with  increasfng  flap  deflection than 
the l i f t  coefficient  did. Such a trend 1118- that  the center of pressure 
due t o  flap  deflection mve8 forvrard at large flap  deflections;  thie  effect 
appeared t o  be largely independent of Mach ntrmber. 

Hinge-Moment Characteristics 

H i n g e  moment due t o  anale of attack.- EFngemament coefficient 
variations  with angle of attack are shown In figure 14 for  a f lap  angle 
of 0' and in figure 15 f o r  a flap angle of 5'. A t  sped8 b e l o w  a Mach 
rider of about 0.95 w i t h  zero f-p a n a e  (figs.  14(a). an& 14(b)) the 
slopes of  the h i n g e - m n t  curves a t  Oo angle of attack w e r e  always 
positive im3icatFng.a  tendency of the flag t o  float  against the relative 
wind. Such a result is not surprisfng i n  v l e w  of the fact   that  the plain 
f lap of  reference l ahowed no float- tendency at Oo angle of attack 
over the same Mach mmiber range. Above M = 0.95 the horn-balaqced 
f lap alwetye tended to   f l oa t  w i t h  the relative wind. The change in floating 
tendency in a negative direction as the speed increasee from subsonfc t o  
supersonic i s  believed t o  bs a feature comma to  all traillng-edge 
controls on conventional wlngs because the centers of pressure of super- 
sonic l i f t  distributions are, as a r u l e ,  farther rearward than those of 
mbsonic l i f t  dlstributiona. Comparison between figures 14(a) an& 14(b) 
indAcatee slight change8 were caused by changes in Reynolds nmber but 
the important  characteristic8 are duplicated i n  the data from both the 
high-dive md level-flight rune. It be noted that the hinge m m n t  
was not zem Ixhen bot21 the angle of attack and the  flap  deflection w e r e  
zero* This is  attributed t o  a very slight lateral   misalinemnt of the 
flap behind the fixed portion of the model The f lap hinge line waa 
S l i g h t l y  toward the model upper Burpace in the spanwise region of the  t ip .  
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w 
When the  flap w88 deflected 5O ( f igs .  15( a) and 15(b)) the  floating 

tendencg a t  l a w  speeds a t  Oo angle of attack w a ~  approximately zero. The 
change from the zero flap-angle  case m y  have been caused bg flow separation v 
on the protruding horn. In this  configuration also, a strong  negative 
floating tendency appeared as  sonic speed was exceeded. 

Hinw moment due to flap  deflection.- Meamred variations of hinge- 
mmnt  coefficient with flap  deflection are ahown f o r  appmx3mtel.y 00 angle 
of attack in figure 16 and for  approximately 5 O  angle of attack in  figure 17. 
B e l o w -  a Mach nmber of 0 .go, at approximately 0' angle of attack  (fig.  16), 
the horn provided nearly unif o m  balancing f'or f lap def lectione of *loo. 
Above a Mach nuniber of 0 -90, hinge moments  due to deflection  increaaed i n  
-tude very  rapidly. The effect of increasing the angle of attack 
t o  5O ( f ig .  17) w a 8  to shift the  region of high  balance at low speeds 80 
that  it w a a  centered around a negative  flap  deflection of 5O - the 
def1,ection at wbich the horn was lined up with the  relative wind. It 
is thought that  the balancing  effectiveness of tihe horn might be extended 
t o  higher  flap  deflections i f  the inboard edges of the horn were rounded 
instead of being squared off as  in  the  present tests. Low-speed t e s t s  
(reference 2 )  Indicate such rounding off would also change t he  balancing 
effectiveness at -1 deflections. Comgaztson between the parts (a) 
and (b: of figures 16 and 17 indicates Reynolds number had. some effects on 
the hinge-moment characteristics  but  these  effects were of a minor nature. 

L i f t  Characteristics 

Lift-curve SlODe .- The V&a*iOnS Of c h  W i t h  Mach  number 
shown in  f igure 18. Al though there w a s  a amall increase in lift-curve 
slope w i t h  increasing Mach number a t  subaon5c speeds as would be expected 
from theory, f o r  a l l   p rac t ica l  purposes the lift-curve slope w a ~  independent 
of Mach nuniber. The amall veriations  in  lift-curve slope with -91 number 
that  did exist nearlg duplicated  the  trends found in  previous tests of a 
plain  flap; however, the numerical values of l i f t - c m e  slope were, on an 
average, 12 percent less for  the mdel  wlth horn-balanced fl.ap. Thie loss 
in lift-producing  ability i s  attributed largely to the injurious  effect of 
pressure  equalization through the gap at t h e .  inhard edge of .$he horn 
balance Because it is exceedingly diff icul t  to e e a l  this gap, the horn- 
tspe balaslce may prove t o  be undesirable in  cases where the maxFmwll lift 
due to angle of attack is  required. Reynolds number had a more pronounced 
effect on the l i f t - w e  slopes of tha horn-balmcad model than of the 
plain  flap model. Ffgure 18 i.ndicat.es the  Vft-curye slopes for  the high- 
dive and level   f l ight  rum differed by fmm 2 to 10 percent ; hoyever, 
some of this   scat ter  might have  been caused by exprimental  error  particu- 
larly at the lower speeds. 
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The effect of flap  deflection on the L.Lft;-curpe slopes at 0' ang1-8 of 
attack i s  shown in figure lg( aA. The lift-curve slope was nearly always 
less w i t h  the  flap  deflected 5 than with tple f lap in neutral.  This  trend 
might have been caused bg flow separatfon  over the horn  resulting in  loss 
of l i f t  in the flap-deflected  condition. 

Fla~ effectiveness.- Abaolute flap  effectiveness C% measured at a 
approximately Oo, 6 = Oo is plotted a8 a function of Mach n M e r  in figure 1€L 
These data &ow that the f lap lost effectiveness 88 the speed w a 8  increased 
t o  M = 0.93; above M = 1.0 there w a s  slight recovery in &solute effec- 
tiveness. The effectivenees of the horn-balanced flap w a 8  nearly identical 
t o  that  of the  plain  flap of reference 1 at Mach nmibers above 1.0; at 
Mach nmibers below 1 .O the horn-balanced flap  alwap elmwed lower  ef fec- 
tiveneee than the p l a h  flap. Furthemre, the  effectiveness of the horn- 
balanced f lap definitely w a s  dependent on Reynolde nuuiber w h e r e a s  this w a s  
not the case w i t h  the plain flap. When the angle- of attack w a s  rafsed 
to 5O ( f ig .  lg(b)), the abmlute  effectiveness of: the horn-balanced flap 
increased  very  noticeably, wa8 much less dewden t  on Reynolds number, and, 
w a s  nearly identical at all t e B t  speeds to the effectiveness of the p l a h  
f h p  masued also for a = 5O. 

Relative  flap  effectiveness &/a8 is ~JSO shown in figure 18. Below 
a Mach number of 0 .% the relative f lap ef fectiveness of the horn-balanced 
f lap w a s  the 8831118 as that  of the p W  flap even though both the U f t -  
curve  slope and the absolute  flap  effectiveness w e r e  lese. Above a Mach 
mm3er of 1.0 the  relative  flap  effectiveness of the horn-balaaced. f lap was 
slightly  greater than that of tihe flap, largelg because the l i f t -  
curve slope was lower. Such trends aa these indicate why the 
parameter &/& may be very misleading if it is interpreted too ~ t e r a U ~  
as "flap effectiveness" in cases where no i n f o m t i o n  reg3rding  actual lift 
is available. 

Pitching-Moment Characteristics 

Pitching-mmsnt  coefficient D e r  de- m6cl.e of attack.- The pitching- 
momnt slope s at zero  l i f t  (a "N 0 ; Bf = 0 ) are plotted against Mach 

rider at the top of figure 20. For purposes of cmparimn, the plain- 
f lap pitching-moment data me presented in figure 21. The slopes of the 
pitching-moment c m e 5  for the horn-balanced f lap (9 i g  . x) ) did  not change 
appreciably with change in  Mach rimer an&, like the l i f t - c m e  slopes, w e r e  
relatively  Sneensftlve to the changes in R e y n o l d e  nmiber encountered. The 
effect of flap  deflestion on the  pitching-mmnt  variation with angle of 
attack is &own in figure 22( a).  O n l y  Bmau changes i n  C% resulted from 
deflecting the f lap 5O and these changes w e r e  apparently dependent OIL 
Reynolds nmber a t  epeeds below M = 0 .w. move M = 0 .go, there w a s  a 
definfte tendency for Cma t o  increase with increasing  flap  deflection. 
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Pitching moment per d e m e  flap deflection.- Curve8 of % maasured 
at  approx-tte- zero l i f t  (a 00; 8 = 00) are a ~ o  shown. ne- the top of  
figure 20.. !&e pitching moment per degree f lap angle did not change 
appreciably wi€h Mach number over  the range tested. However, like  the l i f t  
per degree flap  deflection 0, the pitching moment per degree deflection 

w a s  definitely dependent on Reynolds number at zero l i f t .  When the angle of 
attack was raised t o  about 5O (fig.  22(b)) the passmeter % Fncreased 
appreciably and became lese dependent on Reynolds number in much the same 
manner aa t h e  parmeter Such similarity, of course,  should be 

expected because in t h e  present teste,  the pitching mment waa a refl8ction 
of the l i f t  80 long as the center of pressure did not move appreciably. 

6 

%’ 

Aerodynamic-center location.- The positions of the aerod,pamic center 
a t  a w 00, 6f = 00 a m  plotted as a function of Mach number in  f igure 20 
The aero~ermfc  center was at approximately 23 percent mean aeroaynamic chord 
at speeds below M = 0.95. Star t ing  a t  M = 0.93, the aeroQmmic  center c -  

moved rearward padual ly  from 23 percent to 31 percent mean aerodynamic 
chord at M = 1 .XI. Above M = 1.10 the data indicate the aerodynamic 
center tended to shif t  forward again. SOIIIDR-pimn between figures 20 and 21 
Wows that the aerodynamic center of the horn-balanced flap model was 
farther rearward. than that of  the plain flap model at Mach numbers 
below 0 .%. A t  Mach numbers above 0.95, the aerodynamic centers of the 
t w o  mdels were -st identical. The different aerodynamic-center 
positions found f o r  the horn-balanced model a t  low epeeds are  evidently 
attributable t o  the existence of the gap a t  the inboard edge of the horn 
since  this gap constitutes  the only phygical  difference between the two 
nodel6 that could reasonably affect the l i f t   charac te r i s t ics .  The effkct 
o f  flap  deflection on aerod-c-center location ( f ig .  ZQ(C))  general4 
w a s  to move the aerodynrnc  center  farther rearward particularly  at  speeds 
above M = 0 

t- 

\ 
Center of pressure due to flap deflection. - Ffgure 20 shows a l a 3  the 

poaition of the center of  pressure due t o  flap deflection  correspnding 
t o  zero l i f t  conations (a M 0’; 6f = 00). m e  center of pressure moved 
rearward more or l e s s  graduang fram a b n t  60 to percent mean aerody- 
namic chord over the  test; Mach nuniber ran@ (M = 0.55- to M = 1-10}. Such 
a large rearward movement suggests an outboard shif t  in the spanwise center 
of pressure due to flap  deflection as wel l  as a r e w g d  ahlft  of the 
section  center of pressure  with  increasing’ Mach nuuiber. When the angle 
of attack w a ~  raised f r o m  0” t o  5O (fig. 22( c) ) , the  poeition of  the  center 
of pressure due t o  flap  deflection x u  Dot affected  appreciably. 



c 

Y 

RACA RM No. L9B23a .. . . .  15 

Hinge-Moxuent char8.Gteristics 

Flap  floating tendency Cham - The ra te  of change of hingelmxment 
coefficient w i t h  angle of attack for zero q f t  conditions (at w Oo; Sf = 00) 
is shown by the top two curves of figure 23. The horn-balanced flap had a 
r e a t i v e u  strong  posftive (agaimt the restive m a )  floating tendencg a t  
l o w  speeds which  changed t o  a strong negative  floating tendency at supersonic 
speeds. The effect  of R e p o m  number i s  men to be large - t h e  higher 
t e a t  R e y n o l d s  numbers  gave the  greater  positive  floating  tendencies. A t  a 
flap angle of 50 (fig.  24(a)) the parameter C h  w a s  very l i t t l e   a f fec ted  

by Reynolds rider and in  t h i s  condition  the  floating tendency w a s  approxi- 
mately zero a t  low Bpeeds; a t  high speeds the floating tendency waa consid- 
erably  greater in  a negative  direction than it wa8 f o r  zero f lap angle 
The peculiar bump in the c m e  of % agdrmt M a t  M = 1.0 did  not 
reault from experhental  error; t h i s  bump fa  the result of the  peculiaz 
?nan.neT in which the basic  hinge-mmnt c m e a  change from typic.al Btlbsonic 
variations to  typical  supersonic  variations. (See f igs .  14  and 15. ) In 
th i s  connection too much emphasis ahould not be placed on the values of 
hinge-mmmt slopes measured a t  zero l i f t  when, as in the present  case, the 
hinge-mament curves &re decidedly  nonlinear. Whereas these slopes are of 
p e a t  value in assessing the degree of bElmce obtahed by uae  of a ,#Ten 
size of aerodpamlc balance, it i s  generally desimble t o  refer to  the 
cnmplete hinge-moment data wbenever p s e i b l e  Fn desi& work. 

Flap  restoring tendency ch .- The ra te  of  change of hinge-nulment 

coefficient with f l a p  deflection f o r  zero l i f t  conditions (a w 00; ~p = oO) 
is Shown by the middle two curves of figure 20 Two sets of data are given 
for the high-dive rum. A180 included are data taken from reference 1 
ahowing the chazacteristics of a f lap  having no aerodynamic balance. The 
horn balance  eliminated about three-quarters of the unbalanced Hnge molnsnt 
due t o  deflection  at  speeds belox M = 0.gO. Above M = 0.90 the h x i  
l o s t  most of its balancing  capabilities EO that at M = 1.05 the hinge 
mments of the horn-balanced flap were only 13 percent less than those of 
the  plain  flap. Hence, it appears the horn balance &B tested w i l l  not be 
particularly useful for   f l igh t  at supermnic  speeds although it apparently 
does offer  aatiefactory balancing characteristics at any speed up to a 
Mach  nurmber of a p p r o r t t e l y  0 -95. .Figure 23 shows that the hinge moments 
of the horn-balanced flap were affected by Reynol.de number t o  a moderate 
degree where- the  hinge nmmnts of the plain f lap were ineensitive to 
changes in R e y n o l d 8  ntmfber. 

8 

The effect of angle of attack on the parameter Chg is shown in  
figure 24( b) Below a Mach  number of 0 .gO the  rate of change of hinge- 
moment coefficient w i t h  flap  deflection waa essentially  unaffected by 
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changing the angle of attack f r o m  0' t o  !j0-. At Mach nunibera from 0.90 
t o  1.15, an increased angle of attack caused a sizable loss i n  balance, 
that  is, an increase in the negative values of the parameter 'hg 

An a p p r o m t e  analysis was  made t o  determine the  effects of torsional 
f lex ib i l i ty  of the  f lap on the meamred hin@;e-rmuent chuacterist ics.  This 
analysis indicated  that the errors incurred by neglecting  flap twlst were 
mmll  and therefore no correction8 w e r e  applied t o  the rneaeured hac-moment 
parameters. The analysis indicated, however, that  for torsional  stiffnesses 
much le88 than that provided by the solid  dural  flap  tested the effects of 
mroelastic distortion fight be appreciable. 

On the  basis of --flaw t e s t s  of a horn-balanced flap on a typical 
low-aspect ra t io  Bweptback airfoil model the following conclusions were dram. Where possible these conclusions a m  related t o  remalts obtained 
previously f r o m  tes t s  of a comparable  plaLn-flap  model. 

1- The lift characteristics of the horn-balanced-flap model  were 
sFmilar t o  those of the plebin-flap m d e l j  however, the  liftdcurPe slope 
waa,  on 89 average, =-percent less throughout the Mauh number range 
tested (M = 0.55 t o  l .U), and the  flap  effectiveness w a s  samsTjZlat l m e r  
a t  subsonic speeds. 

2 The horn balance  eliminated approximately "ee-qmers Df the 
unbalanced hinge mament due to deflection below M = 0 -90; however, the 
horn appamntlg  lost most of its balancing  capabilities in  p e e i n g  throu& 
the ispeed of sound becauae at M = 1-05 the hlnge mament due to deflection 
was only 13 percent less than that experienced by the  plain  flap. 

3.  The horn-type balance a8 teated appeared t o  offer  aatiefactory 
balwcing characterist ics  at  all qeeds up t o  M = 0.95 provided that the 
strong positive  floating tendency could be tolerated; however, the horn 
balance did not ehm prcnafse as an effective aerodynamic balance at 
supermnic speeds. 

Langley Aeronautical  Laboratmy 
National Advieary Committee for  Aeronautic8 

Langley Air Force Base, Va. 
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Figure 4.- P l m  form and crom section of 35' meptback NACA 6 m  airfoil 
with 25 percent chord unsealed, horn"bal&ed flap. - 
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Mach number 
Figure 5.- Variation of Reynold8 number with Mach n w e r  for tes t8  of' 

35O aweptback, NclCA 65-009 airfoi l  model with *-chord horn4alanced 

f l q  by the -flow method. Reynolds number bdeed on a i r f o i l  chord. 
pmallel to directicm of flow. 
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Figure 6.-~ariatian of lift coefficient with -e of attack throughout 
Mach mmfber range tested for 62 = Oo. WCA 65-009 airfoil; A = 3.04; 
A = 35O; ~f = 0.25~; gap unsealed; horn-balanced f lay .  Note ehif-t; Fn 
axis of ord lnate ecale frrr different Mach nunibere. - 
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Figure 7.- Cmaluded. - 
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(a) Eigh4ive TUI~B. 
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Figure g.-Variation of lift coefficient  with flap deflection throughout 
Mach number range tes ted for a 5O. NACA 6-9 airfoil; A = 3.04; 
A = 35'; cf = 0.25~; gap uneeeed; horn4aIanced f l ap .  Note ahi f t  Fn 
axis of ordlnate scale for different Mach numbers. 
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Figure 10.- Variatfan of pitch-t coef'ffcierrt d t h  angle of attack 
throughout Mach number range tested for = Oo. NclCA 65-009 airfoi l ;  
A = 3.04; A = 35'; cf e 0.25~; gas unsealed; horn4alanced flap. 
M o m e n t  coefficiant given about axis located 18.7 percent mean aerw 
dynamic chord ahead of le- edge of mean aerodynamic chord. Note 
shift in axis of ordinate ecale f o r  diFperent Mach numbere. - 
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Figure 10.- Concluded. - 
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Figme 11.- Tarlatian of pitching4mment coefficient with angle of attack 
throughout Mach number range t ea ted  for s f  = 5O. HA[=A 65-009 a i r f o i l ;  
A = 3 .&; A = 35'; cf = O.25C; ga,p unsealed; h o r n ~ ~ d  flap. 
Moanent coefficient given about axie located 18.7 percent mean a e m  
dynamic  chord ahead of le- edge of mean aerodynamic chord. Rote 
ehift in axie of ordinate acale for diff rent Mach nuaibere. d 



NACA RM  NO^ ~91323a 

F i m e  11.- Concluded. , 
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Figure 12.-Tariation of p i t c h i n m n t  coefficient  with  flap  deflection 
throughout Mach n M e r  range teated f o r  a z NACA 6$-oog alrfo i l ;  
A = 3.&; A = 35O; cf = 0.2%; gap unsealed; hom4alanced flap.  
Maman-t coefficient given about axis located 18.7 percent mean aero- 
dynamirc chord ahead of leading edge of mean aercdynamic chord. Note 
shff t  in axis of orjlnate scale for differant Wch nnibere. 
I 
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(b ) Levsl-flight rullB. 
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Figure l3.-Variation of p i t c h w n t  coefficient with f lap  deflection 

throughout Mach number range teted for a fi: 5’. IULCA 6- airfoil; 

Moment coefficient given about =IS located 18.7 percent maan aero- 
dymmic chord ahead of leading edge of mean aercdynanic chord. Note 
shift in axis of ordinate scale f o r  different Mach W e r s .  

I A = 3.04; A = 3’7O; cf = 0.23; gap uneeaSsd; hopGbalanced flap. 

I 
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(b ) Level-flight run6. 





F i w e  15.- Concluded. - 
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(a) High-dive m a .  

Figure 16.-variation of hinge+am.ent coefficiant with flap deflect im 
throughout Mach y & e r  range t e s t e d  f o r  a Z 0’. RACA 65-oOg a i r fo i l ;  
A = 3.04; A = 35 ; cf = 0.23; gap unsealed; hom4alanced flap. Note 
8h-Lf-t in axis of d i n a t e  scale for different Machmmibers. - 
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Figure 16.- Concluded. - 
20 
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(b ) Level-flight rune. 
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Figure 18.-~ariation of airfoil and flap lift effectivenese with Mach 
number f o r  a % Oo; 6 = 0'. KACA 65-009 airfoil; A = 3.04; A = 35O; 
cf = 0.25~; gap uneealed; horn4alamed flap. P l a f n 4 l a p  data 
included for comgarisan. - 



(a) W e c t  of flap deflection on lift-curve 
slope at a = oO. 

Figure 19 .- Wf ect of flap deflection and angle of attack on airfoil and 
f l a p  lift  effectiveness. mACA 65-009 amoil; A = 3.04; A = 35'; 
cf = 0.250; gap umealed; horn+alancsd flq. 
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Figure 2O.-Tariation of airfoil and f lap  pitching.mcanent cha,racterlstice 
with Mach  number for a x 0'; sf = 0'. NACA 65009 airfoil; A = 3.04; 
A = 35O; cf = 0.25~; gap unsealed; horn4alanced flap. Pitching 
mnmnnf.0 meamred about axis located 18.7 percent mean aerodynamic chord 
forward of leading edge of mean aeroaynamio chord. - 
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. Figure 21.- Tarfation of a i r f o i l  asd f lap  pitch-memt chazacteristics 
wlth Mach number for a w 0'; Sf = Oo, XACA 6-09 a i r f o i l ;  A = 3.04; 
A = 35'; cp = 0.25~; gap uneeded; plain f-3. Pitching mcanaTlte 
measured about axis located 16 percent mean aeroaynamic chord foluard 
of leading edge of mean aer-c chord. 
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. g u m  22.- Xfec t  of f lap  deflectim and an@;Le of attack an a i r f o i l  and 
f lap pitchin-t characteristicso XACA 6- a i r f o i l ;  A = 3.04; 
A = 35'; cf = 0.25~; gap unsealed; hom4alanced  flap., Pitohing 
moments meawed about ax is  located 18.7 percent mean aeroaynamic - 

chord forward of leadfng edge of man aerodynamic chord. - 
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(c } Effect of angle of attack. m center of pressure due t o  f l a p  
def lect im and effect of flap  deflection an aeroa$namic-center 
location. 

Figure 22.- Concluded. c 
\ 
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Figure 23.- Variation  with Mach number of rate of change of hingeaument 
coefficient w i t h  chmge in flap  deflection and with change in angle 
of attack measured at a z Oo, 6f = 0'. ESAGA 6- airfoil ;  A = 3 .Ob; 
A = 35O; cf = 0.25~; gap unsealed; hom4alanced flap. Pla in4b .p  
data f r o m  reference I includedqfor comp&riean. 
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(a) IXfect of flap deflection cm rate of change  of h e+noment ooefficient 
w l t h  angle of attack meamred at a =?. 

F i m  24.- Effect of f l a p  deflection and w e  of attack an .hinge mcolEfnt 
due to’angle of attaok and flap  deflection,  reepectively. 
NACA 65-009 airfoil; A = 3.04; A == 35O; cf = 0.25~; gap uneeded; 
korn4alanced  flap. 
I 
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(b) E f e c t  of angle of attack an rate of change of h-t coefficiant 
with flap deflection measured at = Oo. 

Figure 24.- Cancluded. - 
a 




